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Description of the PhD thesis project 
 
Three-dimensional organization of the genome plays a crucial role in the regulation of gene 
expression and other nuclear functions (replication, repair). Genome organization has been mostly 
studied using a variety of biochemical, genetic and super-resolution imaging tools in fixed cells, often 
over large population. Yet, a proper understanding of the dynamic properties of chromatin and their 
influence on gene regulation is still missing. Thus, there is a pressing need for live imaging of 
chromatin dynamics at single cell level.  
 
We propose to monitor, at the single chromosome level, the dynamics of individual fluorescent loci 
tagged using cutting edge genome editing tools. In order to access the spatio-temporal behavior of 
these loci at high resolution, novel imaging techniques combining light-sheet excitation (LSE) with 
multicolor multifocus microscopy (MFM) will be implemented to achieve high optical sensitivity and 
ultrafast 3D imaging capabilities. Multiple loci positioned at known relative genomic distances (from 
hundreds of kb to tens of Mbs) on the same chromosome will be simultaneously tracked in the 3D 
space of the nucleus of mammalian cells, over timescales ranging from milliseconds to hours. The 
dynamics properties of individual chromosomes will thus be measured and compared to polymer 
models derived from HiC data. Furthermore, the behavior of individual chromosomes will be 
correlated with transcriptional activity. 
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International, interdisciplinary & intersectoral aspects of the project 
 
The project stands at the crossroads between optics, physics, genome biology and cell biology. It is 
thus an intrinsically interdisciplinary project that will involve a variety of concepts, tools and methods 
coming from optical microscopy, genome editing and tagging, polymer modeling and cell biology. As 
it will involve the development of advanced microscopy technologies, the proposed project contains 
several technological aspects susceptible to be patented and to be transferred to start-ups or to 
SMEs. The project will benefit from multiple international collaborations established by the host 
laboratory, the PhD candidate will thus have the possibility to spend time in different research group 
around the world to discuss with renowned scientist in the field. 
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Expected profile of the candidate 
 
The project is highly multi-disciplinary, applicants should have a strong motivation to explore and 
learn new technologies. The candidate will have to work with different people of different 
backgrounds, good communication skills are a plus. Good background or previous experiences in 
one of the following is desirable: optics, cell imaging, data processing, cell biology. 


